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Concepts 
1. Empiric preclinical to clinical 

development of HER2CAR T-cells 
2. Rational development of novel CARs 

1. Target Finding 
2. Exodomain Design 
3. Endodomain Fitting 

3. Realistic in preclinical testing 
4. Pragmatic pipeline of CAR 

development 



Human Epidermal growth factor 
Receptor 2 

Ozaki et al. Neurosc Res ‘98; Zhang el al. Clin Can Res ‘07; Koka et al. AJCO ‘03 

• Multiple malignancies 
• Amplified: breast and ovarian 
• Non-amplified: brain, melanoma & sarcomas 

• Aggressive tumor cell behavior 
• ↑ in stem cells of GBM & sarcoma 
• Associated with ↓ outcome  
• Protein ↓↓↓ postnatally 



Wels et al. Biotech ’92; Ahmed et al. Can Res 2007 and Mol Ther 2009 
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Kleinermann; Ahmed (unpublished) 

Autologous PDX’s 



HER2 CAR T cells 
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Can Res 2007; Clin Can Res 2009; Mol Ther 2009 
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Fatal Adverse Event 
• Patient: 39 yr; F; colon cancer metastatic to the lungs 

and liver 

• Lymphodepletion: CTX and FLUD 

• Autologous CAR T cells: 
– CAR based on Trastuzumab (Herceptin®) 

– CD28+4-1BB+CD3.ζ 
– DOSE: 1x1010 

• Adverse Event: severe dyspnea;    
    pulmonary edema; respiratory failure;                      
 died day+5  

• Cytokine storm 

RAC webcast, 12.2009; Morgan et al. Mol Ther 2010 



A different risk profile 

• DOSE: 1,000 fold less 1x108 

• Trial design: mCRM escalation 

• Exodomain: FRP5 

• CAR: CD28+CD3.ζ (no 41BB) 

• No lympho-depletion  Herceptin 

 FRP5 



Specific Cytokine Release 
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HER2 CAR Trials: evolution 

HER2 specific  

 
                   + durable 

 
                                + tumor resistant 
 
            + stoppable … 

T cellsT cells

CTLCTL

CTLCTL

HEROS  

HERT-GBM  

HER-TGFß  

CTLCTL

2008 2009 2010 2011 2012 2013 2014 2015 2016 



HEROS: complete 
• 43/55 (~80%) tumors HER2+ 
• Generated 28 cell lines; infused 19 
• No SAE 
• Clinically 

2 PR; 4 SD (142->600+ days); 13 PD 
 

T cells

HER2     
CAR

PREINFUSION POSTINFUSION

DL6

Ahmed et al. JCO 2015 
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HERT-GBM 17 patients treated 

HERT-GBM in review 
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T cells home but don’t expand 

Ahmed et al. JCO 2015 

T cells home but don’t expand 



HEROS 2.0 is currently recruiting 

HEROS 2.0 

Flu only (3 pts) 
Flu + CTX (2 pts) 
 

Lymphodepletion          CART cell Expansion 
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Toxicity: 
• 3 patients: CRS grade 1 (fever + CRP 8.9) 
• 1 patient: CRS grade 2 (fever + CRP 7.2) 

– hypotension (low dose dopamine for ~ 36 hours) 
– transient oxygen requirement 

Responses (5 patients): 
• 2 patient: PD 
• 2 patients: SD 8-12 months 
• 1 patient: CR 

 
HEROS 2.0 is currently recruiting 

HEROS 2.0 
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Why do tumors relapse? 
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Can Res 2007; Clin Can Res 2009; Mol Ther 2009 
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1. Antigenic Heterogeneity 
2. Limited T cell Persistence 
3. Inadequate T cell Activation 
4. Inhibition @ Tumor Site 



Hegde et al. Mol Ther 2013; Bielamowicz et al. Frontiers in Oncology 2014 
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Meena Hegde 
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~ 98% 

~ 93% 
~ 70% 

IL13Rα2 

Hegde et al. Mol Ther 2013 

20 GBM (surgical excision) 
Flowcytometry on ≥100,000 cells 
IFC on 5+ cuts; 6+ hpf; 200+ cells/hpf 

GBM: intratumoral heterogeneity 



15 SAMPLES; MULTIPLE PIECES POOLED; 100,000-200,000 FLOW EVENTS 

Bielamowicz 

GBM: intertumoral heterogeneity 



Hypothesis 

Hegde et al. Mol Ther 2013 

Possible advantages: 
Circumvent tumor escape 

- Heterogenous expression of target 
- Down regulation of target 
- Antigen loss variants 

Improve T cell activation 

+ + 



Tumor Profile Chris Man 
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Tending to 100% 

Bielamowicz, Joseph and Ahmed 

Kevin B 
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CAR T cell 

Navai and Ahmed.  UK Biochemical Society Proceedings. 2016 

Smart CARs 
The Boolean Logic in Action 

Multi-CAR 
T cell 
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Concept CARs 
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TanCAR 

in silico Design: the virtual world  

T cell 

Baker, National Center for Macromolecular Imaging 

Matthew Baker 

Target 1 



Imaging Toolbox: exodomain 

CAR Exodomain 
- Ligand Aggregates at IS 
- CAR Aggregates at IS 
- Synapse Properties  

- F-Actin 
- LFA-1 

Malini Mukherjee 

Immune 
Synapse 



bi valency 

Mukherjee & Orange. Center for Human Immunobiology 
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CAR Signaling 
- pLck 
- pZap70  

CD45 
CD4/CD8. 

Imaris© Rendition  

pLck 

CD19.28ζ CAR GFP 
T cells 

Imaging Toolbox: endodomain 



Death Pathway 
- Fas 
- Perforin 

F-Actin, Perforin, Pericentrin 

Target 

Effector Effector 

Fas receptor Fas Ligand 
Target 

CD19.4bb.ζ 

Target 

CD19 
CD28.ζ  

CD19 CD28.ζ  

CD19. 
4bb.ζ 

Immunological  
Synapse 

Imaging Toolbox: killing machinery 



TanCAR behavior 

Hegde et al. JCI 2016 



Endodomain“fitting” 
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1:30 

Hegde et al. JCI 2016 
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   Preclinical CAR Assembly Line 
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1. Empiric preclinical to clinical 
development of HER2CAR T-cells 

2. Rational development of novel CARs 
 
 

3. Realistic in preclinical testing 
4. Unresolved: modeling toxicity 

 

 

Look how far you have fallen THEN repent! 
Revelation 2:5 

SILICO > VITRO > VIVO 
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